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ABSTRACT 
China’s hog industry is evolving from backyard and professional household hog production to 
commercial operations. The change has been led by increases in vertical integration, increases in 
domestic and foreign investments, and government subsidies. Despite these changes, small 
backyard operations still constitute a large share of production, and concerns exist as to whether 
the Chinese marketing system with limited infrastructure is providing appropriate signals to 
increase production scale to meet increasing demand for pork. While considerable work has been 
performed to assess the degree of efficiency in Chinese grain markets, few studies have 
examined the performance of Chinese pork markets. Here, using data from 1999 to 2009, we use 
procedures to analyze the characteristics of provincial pork prices. The analysis identifies 
considerable spatial heterogeneity in China’s pork prices among provinces due to differences in 
local production factors, animal disease impacts, and demand determinants. Over time, the 
findings indicate that price movements between important markets are not highly linked. Prior to 
June 2007, long-run price relationships fail to materialize. Only in more recent years do we find 
a strengthening of market linkages consistent with those reported in China’s grain markets. The 
limited temporal linkages in pork markets corresponds closely with observed spatial 
heterogeneity in provincial prices, and with a marketing system constrained by infrastructure, 
particularly cold transport and storage. The results call attention to a fragmented hog industry, 
and identify the need for investments in the pork marketing system. Failure to improve the 
marketing system may in the future result in a more geographically consolidated and less 
competitive industry than China’s government intends.  
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CHAPTER 1. INTRODUCTION 
In the context of a transition economy, information on market efficiency and linkage of goods 
can provide a measure of development. As agriculture accounts for a larger share of transition 
economies, an analysis of price relationships between agricultural commodities may illuminate 
the extent to which impediments to trade such as poor marketing and transport infrastructure 
affect the efficient operation of agricultural markets. The degree to which markets are spatially 
linked, or integrated, may determine whether price information is transmitted, and whether 
farmers can consequently seize profit opportunities and face an incentive to change production 
scope or scale. An integrated market is characterized by the efficient transmission of price 
signals, and sufficient quality and quantity of infrastructure allows farmers the potential for 
arbitrage across spatially separated markets. Without market linkages, producers may miss 
arbitrage signals and regions are less likely to specialize based on comparative advantage. 
Similarly, without spatial market integration, economic policies may not transfer to farm 
decisions, and producers may not benefit from certain risk management opportunities (Barrett, 
2005). 
While spatial market integration is an indication of market efficiency, market development, and 
vulnerability to shocks, it is formally defined as the extent to which a shock arising in one region 
is transmitted to another region. Mathematically, market integration, , is defined as, 
 =  ⁄ ⁄  
where Ɛ
 is a market shock occurring in market , while  is the price effect in a given market 
resulting from market shock Ɛ
. Markets  and  are completely integrated if  = 1. Market 
linkage is closely related to the concept of market integration. For example, if two regions are 
linked by trade, they are better suited to withstand supply and demand shocks, and a shock 
arising in one region will incur a price effect in that of its trading partner (Fackler & Goodwin, 
2001). 
Market integration pertains to price transmission in the face of shocks, and market integration 
studies are important for gauging market development and market performance. Furthermore, 
market integration involves more fundamental concepts related to market linkage. Specifically, if 
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markets are perfectly integrated, where  = 1, assuming the two are trading partners, the price 
spread between the two regions should equal transactions costs, a concept known as the “strong 
form” of the Law of One Price (LOP). Again assuming trade among the two regions, the LOP 
implies arbitrage will remove any profit opportunities between two spatially separated markets, 
creating a consistent equilibrium price ratio (or, “one price”) between the regions. In this context, 
a consistent price spread, in which prices move in unison, can be viewed as an indication of 
highly integrated, efficient markets (as cited in Fackler & Goodwin, 2001, p. 977). 
A study of market integration can be very complex, even when a region’s production, market, 
and trade characteristics are well known. Nonetheless, an empirical study of spatial price 
generation and price relationships through the lens of the LOP, known trade patterns, and 
regional supply and demand characteristics can provide insight into market functioning, market 
inefficiencies, and possibly market integration. Therefore, this study examines integration in 
China’s pork markets by analyzing the extent to which the LOP holds across provincial pork 
prices. Unlike past studies, this study applies both spatial econometrics (Geographically 
Weighted Regression) and time series econometrics (cointegration methods) to analyze spatial 
price generation and model price relationships, respectively. Results from the combined methods 
suggest that fragmentation in local infrastructure, production, and other supply and demand 
characteristics from 1999 to 2001 prevented China’s pork prices from strictly adhering to the 
LOP. However, the study demonstrates some evidence that with time, prices begin to move more 
in unison. 
China presents a particularly interesting case study of market integration. China’s centrally 
planned government long regulated agricultural production through direct and indirect taxes and 
mandatory government procurement quotas (Huang, Rozelle, Martin, & Liu, 2007). Past studies 
analyzed the evolution of spatial market integration for several agricultural commodities, but 
consistently focused on China’s most regulated staple commodities such as corn, rice, and 
soybeans. Little attention has been paid to pork, China’s staple meat; yet, China is the world’s 
largest pork producer and consumer. Pork accounts for the largest agricultural revenue (an 
estimated $130 billion annually) of any commodity in China, and its revenue is nearly twice that 
of the second largest commodity, rice, which generates roughly $70 million annually. 
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Consequently, nearly 90 percent of China’s agricultural support is allocated to pork and grains 
production (M. Woolsey, personal communication, August 24, 2010). 
Pork is the most widely-consumed animal protein in both rural and urban households. With 
rising incomes over the last 20 years among urban households (as well as a number of rural 
households), demand for meats and higher-value products has been on the rise. While pork has 
long been the cheapest red meat and thus a staple meat for most households, the combination of 
rising incomes and population growth drive increases in pork demand. Looking into the future, 
pork is expected to account for the largest share in increased meat expenditures in China, at 
50.63 percent (Ortega, Wang, & Eales, 2009). 
To meet the country’s increasing demand for pork, a major transition is apparent in China’s pork 
industry. Until recently, “backyard” and small or “professional household” farms (defined 
officially as less than 50 head) (Zhang & Trachtenberg, 2008) accounted for the majority of pork 
production. However, the industry’s composition is shifting rapidly. Traditionally, rural and 
small farms shifted in and out of production when faced with animal disease or price volatility. 
However, recent favorable government policy, such as increased production subsidies, in 
addition to high pork prices largely driven by disease outbreak, attracted significant foreign and 
domestic investment in large hog operations (Zhang & Beckman, 2008). Foreign companies such 
as Goldman Sachs even began investing in commercial pork farms. Numerous hog production 
enterprises in China have also formed joint ventures with swine genetics and production 
companies located in North America and Europe. As a result, vertical integration is now manifest 
and commercial production is increasing (Chen, 2009). 
Despite the rapid growth in China’s pork industry, overall regional development in China over 
the years has been uneven, thus calling into question the evolution of spatial markets. For 
example, urban incomes in China are nearly three times that of their rural counterparts (China 
National Bureau of Statistics [NBS], 2009). Historically, the government showed bias in 
allocating investment, and coastal provinces received more funds to promote trade and foreign 
investment. Under Mao’s collective agriculture, the government mandated that regions become 
self-sufficient in agricultural and industrial production, which placed constraints on regions less 
endowed with natural resources. Variation in other factors such as infrastructure and labor 
productivity also exacerbated the disparity in regional economic growth. As of 2002, western 
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provinces1 had higher rates of both rural and urban poverty (Fan & Chan-Kang, 2005). Such 
heterogeneity in regional economic development suggests that the evolution within the pork 
industry may also be a function of location and associated income levels, infrastructure 
development, government investment, and historic policies.  
Similar to the pattern of China’s overall regional development, commercialization in pork 
production is not ubiquitous. South China and certain coastal provinces more often host 
commercial farms, while interior regions maintain largely backyard and small scale production 
(Pan & Kinsey, 2002). (An exception is that few inland regions such as Hubei, Hunan, and 
Guangxi, recently received investments in commercial production.) 
Transportation is an additional source of regional bias and impediment to growth of commodity 
markets. Despite large highway extension projects over the course of the last decade, the most 
developed logistics activities and transportation systems as of 2001 were located along the coast 
and among certain central provinces (Figure 1) (Hertzell, 2001). Transport and storage costs are 
high, and can account for up to 60 percent of total product costs of food and livestock (Hertzell, 
2001). 
                                                 
1
 For the sake of simplicity, the paper will use the word “province” to refer to all territories under analysis, as 
included in the maps. (The maps only include the provinces for which we have data.) However, certain territories are 
granted a certain degree of autonomy and are characterized by having minority populations (e.g. Guangxi Zhuang 
Autonomous Region) which play a role in local governments. Such territories are not known as provinces. A second 
note on terminology used in this paper is that “regions” generally refer to multiple provinces. In the spatial 
Geographically Weighted Regression analysis, “regions” may be used interchangeably with “clusters”. 
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Source: Hertzell, 2001 
Figure 1. China's Transportation and Logistics Activities 
Similar to heterogeneity in general infrastructure development, China originally developed cold 
chain storage only in port cities, for meat product export. China’s “second tier cities”2 cities and 
production areas still greatly lack cold storage facilities, and the country’s cold chain in general 
remains a significant challenge to industry development. While nearly one half of products 
consumed in China are considered perishable, 25 to 30 percent of fresh produce is lost during 
harvest, transit, and storage, and refrigerated trucks only account for 15 percent of the transport 
of perishable products (compared to 90 percent in developed countries). With respect to meat 
transport, only 10 percent of meat is transported using refrigerated trucks (Pei, 2009). Five 
million tons of China’s 12 million ton cold storage capacity is allocated to meat products. In 
addition to the total capacity for cold storage being limited, the share of used and old cold 
storage facilities is high. Nearly a quarter of total cold storage equipment is 15 years old or older 
and therefore relatively inefficient in terms of cost, energy, and technology. Seventy percent of 
cold storage is owned by private enterprises (especially family businesses), and many are 
inefficiently managed. Most also focus on short-term profit which leads to cost-cutting and 
                                                 
2
 China’s “first tier” cities include Beijing, Shanghai, and Guangzhou. 
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ultimately to risk in terms of food safety (Xu, 2010). The overall lack of cold chain infrastructure 
presents a barrier to marketing meat products far from production areas. 
Factors such as heterogeneous regional development, commercialization, and cold chain 
infrastructure suggest fragmentation in China’s pork markets. Certain regions appear to be 
moving more quickly toward vertical coordination while other regions face more frequent 
challenges with respect to increasing production scale, standardizing meat processing, and 
marketing hogs and pork. Interviews with farmers3 revealed that China’s relatively few largest 
scale producers tend to transport hogs using private trucks while the majority of hog operations 
still rely on middlemen for transport, leading to uneven and uncertain prices. 
China’s government recognizes that industry concentration and vertical integration are 
instrumental in achieving efficiency gains and market development. For example, under the 12th 
Five Year Plan for 2011 to 2015 (the central government’s outline of economic development 
initiatives) are the priorities of streamlining production and slaughter practices to decrease the 
incidence of animal disease, crack down on illicit slaughter activities, and increase meat output 
(Deng, 2010). China’s government has begun to implement its goals of restructuring the animal 
processing industry more evenly across 19 provinces, and slaughterhouses in certain provinces 
are already consolidating (China Ministry of Agriculture [MOA], 2009). However, China’s pork 
policy objectives are twofold. In addition to supporting industry concentration and production 
scale increases, the government remains consistently preoccupied with ensuring producer 
incomes to modernize pork production and processing, and pork affordability to prevent 
consumer discontent. Pork is linked to China’s social stability through its consumers. When pork 
price spikes occur, as they did in 2007, consumers become angry. Meanwhile, rural to urban 
migration continues as profit margins decrease for backyard pork producers and off-farm wages 
increase (Thornton & Ren, 2010). Nearly 50 percent of China’s population currently lives in 
urban areas, compared to 30 percent living in urban areas in 2002 (Hertzell, 2001). Due to such 
challenges related to pork production and consumption, the central government consistently 
issues policy aimed to stabilize hog and pork prices (e.g. production subsidies, state reserves), 
and has begun pilot work for China’s first live hog futures contract. 
                                                 
3
 From personal communication with producers in Sichuan province. 
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Purpose of Study 
The implementation of recent policy affecting pork production calls attention to the current 
degree of market efficiency in China’s pork market. Increasing commercialization in China’s 
pork production is observable in numerous provinces, implying the likely development of price 
signal transmission and increasing feasibility of arbitrage. However, regional heterogeneity in 
supply and demand factors influencing pork prices remains visible. Even given the rapid increase 
in commercial pork production observed in recent years, it is not apparent that the government’s 
proposed transformation of pork production and slaughter will take place either evenly across the 
19 regions proposed or, by incorporating the development of small-to-mid-size operations. 
Current industry development is occurring against the backdrop of a seemingly fragmented cold 
chain and storage system and government policy that sometimes favors commercial producers. 
China’s government recognizes that market evolution and efficiency requires large-scale 
production and it therefore aims to increase the industrial concentration of pork processing 
(China Ministry of Commerce [MOFCOM], 2010). However, certain provinces are predisposed 
to greater growth in production based on infrastructure advantages, proximity to grain 
production, and wealth of local governments. Smaller operations (less than 50 head) are 
generally less prepared for epidemic and volatile prices prove to be an increasing driver of 
backyard and professional household farm withdrawal. In addition, small producers are unable to 
use livestock and livestock buildings as collateral for obtaining loans from banks to increase 
production efficiency (MOA, 2009). While the government provides free vaccines against three 
swine diseases and periodically provides subsidies to all producers, larger producers receive 
subsidies more consistently. Despite the government’s goals of standardizing processing and 
production and increasing vertical integration, possible fragmentation and barriers to arbitrage 
may be conducive to a less geographically distributed growth model than the government 
intends. 
Despite the apparent heterogeneity in regional pork supply and demand determinants and related 
barriers to efficiently marketing hogs and pork, few studies involve an empirical analysis of the 
evolution of China’s pork market. Many past studies focused on staple grains, but few 
concentrated on pork, despite the importance of pork to the country’s agricultural economy, 
producers, and consumers. Simple price relationship maps (Figure 2), suggest large regional 
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disparities in pork prices; blue regions indicate provinces with a low pork price surrounded by 
other provinces having a low pork price, and red regions shows an analogous situation for high 
prices. Maps for the years 1999 to 2009 demonstrate a similar cluster of low price provinces in 
the north, and high price provinces in the southeast. 
 
Source: Data from China Veterinary Association, 2009 
Figure 2. Local Indicator of Spatial Relation (LISA) Map, Pork Prices, April 2005 
While the Local Indicator of Spatial Relation (LISA) map alludes to regional price behavior, it 
does not offer information related to market efficiency over time and space, nor does it identify 
variation in pork price generation. The figure does indicate systematic regional price differences, 
indicating there is room for more rigorous methods to disentangle regional heterogeneity in price 
relationships and its implications for market integration. 
To formally analyze regional price determination and the degree of spatial market integration in 
China’s pork market, this study evaluates the LOP using two methods: spatial and times series 
econometrics. The first method aims to identify differences in pork price generation among 
regions and provides a better understanding of how regional supply and demand characteristics 
affect local prices. Moreover, differences in prices among regions due to demand factors such as 
income and population, and supply factors such as feed prices, can signal potential barriers to 
price signal transmission and arbitrage. The second method uses time series econometrics to 
study price relationships among different provinces, taking into account heterogeneous regional 
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prices. A formal analysis of price relationships offers insight directly into the strength of the 
LOP. Coupled with the knowledge of supply and demand shocks, the time series analysis 
provides an empirical test of market efficiency and potential barriers to price signals and 
arbitrage. 
The specific spatial and time series methods used in this study are a Geographically Weighted 
Regression (GWR) and cointegration, respectively. A geographically weighted panel regression 
allows for pork price generation to vary across space. Instead of confining spatial variation to a 
residual term, the GWR uses coordinates to calculate a distance-based weight. The weight is then 
used to generate separate coefficients for each province, where the attributes of closer provinces 
have a larger effect on the coefficient than distant provinces. Such a technique can be used to 
evaluate any spatially-varying impacts from supply and demand shocks and government policy. 
In addition, the analysis will help identify meaningful provinces for the cointegration analysis. 
Estimation of three cointegration models for select province pairs from 1999 to 2009 provides 
insight into both the presence of a long term linear relationship between prices, and the extent to 
which the LOP holds. In addition, it tests whether cointegration (or lack thereof) is consistent 
among provinces pairs of varying price determinants. 
Given the results of the spatial and time series analysis, combined with knowledge of 
interregional trade, regional production characteristics, physical challenges to arbitrage, animal 
disease, and government policy, this study provides empirical insight into the effect of supply 
and demand shocks and government strategy on the evolution of China’s pork markets. Based on 
literature, anecdotes, and interviews regarding the transformation of China’s meat industry 
infrastructure, government policy, and production practices, two hypotheses are expected from 
study. 
First, I expect there to be spatial heterogeneity that corresponds to a province’s general 
production scale and infrastructure endowments. In general, I expect provinces with larger-scale 
pork production to be less affected by market shocks. Historically, transport costs of livestock 
and animal products are high due to limited transport and logistics infrastructure. Therefore, I 
expect that regions with similar prices would be those possessing similar barriers or access to 
transportation infrastructure which could prevent or facilitate arbitrage, respectively. 
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Second, I expect that market integration has increased over the last decade, and specifically, that 
it parallels the shift from backyard and professional household production to commercial 
production. That is, I expect that provinces with more commercialization (e.g. South China) will 
demonstrate more evidence of cointegration compared to provinces where backyard production 
predominates (interior, northern provinces). Given the increasing commercialization of 
production, recent government policy, and China’s history of animal disease shocks, there is 
reason to speculate that integration is increasing. For example, government policies such as 
removing the slaughter tax in 2004, developing disease-free zones for pork production, and 
reducing frozen pork tariffs following accession to the World Trade Organization (WTO) are all 
steps toward market orientation. In addition, policies such as government subsidies for large hog 
operations help insulate production against animal disease shocks and high feed prices, through 
improved sanitary conditions, better management, and more efficient production practices. 
Furthermore, animal disease price shocks may also play a role in increasing market integration. 
For example, following the 2007 price spike, two factors may have affected market integration: 
government policy, and high prices that helped to restructure pork production toward larger-scale 
efficiency. Therefore, government subsidies to large producers meant to secure both sufficient 
pork supply and farmer incomes (during low prices from oversupply) could encourage expansion 
in commercial production and increase integration. Increases in scale of production such as when 
high prices in 2007 attracted investment in commercial production, could also result in market 
integration. 
  
11 
 
CHAPTER 2. BACKGROUND4 
China’s Agricultural History 
China’s agricultural history during the last seventy years may be broken into two periods: that of 
1949 to 1978, when the government maintained tight control over the agricultural sector, and the 
period of 1979 to the present, when the government gradually allowed for market liberalization. 
 The first period included an early collectivization of farming. In 1953, with the encouragement 
of the central government, farm households formed small cooperatives of 15 to 40 families and 
began to share land and production responsibilities. Collectivization continued until farming 
cooperatives consisted of thousands of families (Li & Yang, 2005). In 1956, Mao set grain prices 
and mandated production quotas. All grain was to be sold to the central government in an 
attempt to ensure production and financially support farmers (de Brauw, Huang, & Rozelle, 
2004). Meanwhile, from 1957 to 1958, he diverted large amounts of rural labor from agricultural 
activities to industrialization projects often located in urban areas. The focus of industrialization 
at the time was to create steel via any means possible, and families were even ordered to 
participate in backyard steel production using local scrap metal. This 1958 industrialization 
movement was known as the Great Leap Forward. However, shortly after it began, poor weather, 
reduced and inefficient, nutrition-deprived labor, and the decreased productivity of social 
farming led to severe famine from 1959 to 1961 (Li & Yang, 2005). As a result of the famine, 
the percentage of government funding allocated to agriculture reached an all-time high, but 
lasted only until 1966 when Mao called for a “cultural revolution”. Unlike the Great Leap 
Forward, the Cultural Revolution (1966-1976) was a political movement asserting communist 
values. The movement purged China of many of its intellectuals. Agriculture also suffered 
during the Cultural Revolution, and for five years the government ceased all agricultural 
research, education, and extension services. All of these events collectively resulted in a period 
of stagnation in the sector (Li, 2008). 
                                                 
4This chapter includes previously published, non-copyrighted material that I coauthored. (Woolsey, M., Zhang, J., & 
Rasmussen, K. (2010). People’s Republic of China: Livestock and Products Annual: Annual Report. (GAIN Report 
No. CH10055). Beijing: United States Department of Agriculture Foreign Agricultural Service. Retrieved from  
http://gain.fas.usda.gov/Recent%20GAIN%20Publications/Livestock%20and%20Products%20Annual_Beijing_Chi
na%20-%20Peoples%20Republic%20of_9-24-2010.pdf   
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The late 1970s marked the second major period in China’s agricultural history and can be 
characterized by the liberalization of agricultural markets. The government began to concede 
production decisions to local governments and in 1979 it began to reverse the collective 
agriculture mandate, giving farmers individual land use rights. It should be noted that these 
initial policies were not aimed specifically at market liberalization; only in the mid 1980s did the 
government make an honest attempt at liberalizing agricultural markets (de Brauw et al., 2004). 
Nonetheless, by the early 1980s, government procurement prices began to resemble prices in the 
market. However, procurement prices generally remained lower than market prices, thus 
implying a continued implicit tax on agriculture (Sicular, 1995).  
De Brauw et al. (2004) highlight that the agricultural reforms of the early 1980s created two 
major outcomes which loosely constituted the Household Responsibility System; de-
collectivization meant that individual farmers 1) had control over their planting decisions and 2) 
were now the “residual claimants to returns from cropping activities.” (p. 429) Specifically, 
every time government-set price ceilings were relaxed for agricultural commodities, farmers-as-
laborers (agricultural inputs) consequently saw higher wages. Being the residual claimant 
implied that farmers now had the incentive to respond to market signals (de Brauw et al., 2004). 
In addition, the 1978 Household Responsibility System policy gave farmers more freedom to 
make household cropping and production decisions (i.e. crop types and quantities planted). 
Despite the major break with agricultural policy following Mao’s regime, pork production was 
implicitly taxed until 1995. In fact, the nominal rate of assistance (NRA) for pig meat from 1981-
1984 was still as low as -78.6 percent. From 1985 to 1989 the NRA increased to -48.8 percent, 
then to -14.9 percent from 1990 to 1994, and has remained near zero percent since 1995 (Huang 
et al., 2007). 
Recent Agricultural Policy 
Recent agricultural policy includes China’s WTO accession in December 2001. Since China’s 
WTO membership, the government decreased its tariff on pork imports from 20 to 12 percent. 
However, while agricultural markets of today are in stark contrast of those of the past with 
regard to government control, the Chinese government remains quick to issue policy such as 
subsidies, tariffs, state reserves, and price caps to curb price volatility and promote consistent 
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production (Chen, 2009).  Such protection measures are particularly frequently used for “import-
competing” products such as wheat, soybeans, sugar, and milk (with 2004 NRAs of 4, 16.3, 29.4, 
and 24.8 percent, respectively) and products of “mixed trade status” such as maize and cotton 
(with NRAs of 12.6 and .7 percent, respectively, in 2004) (Huang et al., 2007). 
Table 1. Meat and Pork Consumption 
 
Source: Cai, Brown, Wan, & Longworth, 1998; Chen, 2009 
As pork accounts for the largest share of meat consumption in China (Table 1), both central and 
provincial governments carefully monitor the pork market and similarly respond to price 
volatility using quantity and price mechanisms. Recent attention under the 12th Five Year Plan 
includes agricultural goals to promote and facilitate the expansion of large scale meat production 
and processing to improve production efficiency and disease control. Both disease and small 
profit margins can result in significant fluctuation in hog inventories and prices, as small farmers 
lose hogs from illness or must sell their animals to avoid financial losses. 
Characterization of China’s Current Hog Industry 
Animal disease and pork prices 
Animal disease outbreaks in particular are a main driver of pork price fluctuation, as they 
introduce consumer concern over food safety and can reduce hog inventories and pork output. 
Figure 3 illustrates volatility in pork prices over the period of study that can often be attributed to 
the influence of animal disease on markets. 
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Source: China Veterinary Association, 2009 
Figure 3. China's National Average Pork Price, 1999-2009 
Over the last decade, China experienced many recurrent cases of Foot and Mouth Disease 
(FMD). In 1999, the disease affected both swine and cattle with outbreaks occurring in Fujian, 
Hainan, and Tibet. Slaughterhouse managers, however, suggested that many other meat-
producing provinces also saw FMD outbreaks in 1999 (Fuell, Zhang, & Kameny, 1999). The 
Foreign Agricultural Service (FAS) of the USDA reported that the 1999 outbreaks resulted in 
less red meat consumption, including pork (Fuell et al., 1999), despite the low numbers of swine 
actually culled (World Organisation for Animal Health [OIE], 2009). No major outbreaks of 
FMD were reported again until 2005, when seven more provinces (Shandong, Jiangsu, Xinjiang, 
Hebei, Beijing, Gansu, and Qinghai) were forced to cull cattle. During this year, the government 
officially reported the FMD outbreaks for the first time, and froze exports of products of animals 
that could be FMD carriers (pigs, cattle, sheep, goats) (Bean & Zhang, 2005b). In 2006, more 
outbreaks occurred in Shangdong, Jiangsu, and Hebei provinces, but in 2007 the government 
gained control over the disease through vaccination (Zhang & Trachtenberg, 2008). Cases of 
FMD continue, and in 2010 the disease caused slaughter figures to be higher than average (Lagos 
& Zhang, 2010).    
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In January and February of 2004, outbreaks of Highly Pathogenic Avian Influenza (HPAI, or AI) 
occurred in several provinces. Four months later, in June of 2004, another outbreak was reported 
in Anhui province. Over the course of the year, China experienced a series of 49 outbreaks, 
resulting in 132,099 and 2.4 million infected and dead birds, respectively (OIE, 2009). During 
the outbreaks, consumers substituted from poultry to pork, which likely contributed to the 16 
percent increase in 2004 pork prices from the previous year (Bean & Zhang, 2005c). China still 
experiences recurrent outbreaks of AI, with 16, 3, and 4 outbreaks in 2006, 2008, and 2009, 
respectively, and the disease has continued to negatively influence poultry consumption (Bean, 
Sanchez, Zhang, & Hackenburg, 2006).  
In 2005, eight outbreaks of Streptococcus suis occurred in Sichuan province, each of which was 
located on backyard farms. The outbreaks included 639 cases of affected hogs, 317 deaths, and 
the culling of 6,403 hogs (OIE, 2009). In addition to the animal deaths, 39 farmers also died 
from the disease from handling and eating the pig meat, and 214 others fell ill. While the disease 
barely affected production, it was believed to have contributed to a temporary decline in pork 
consumption (Bean & Zhang, 2005d). 
During 2006, high swine fever hit six provinces, causing some substitution from pork to beef, 
and thus contributed to low pork prices for the year. The provinces to experience outbreaks were 
Anhui, Jiangxi, Zhejiang, Hunan, Hubei, and Jiangsu. The disease came under control during the 
same year, but only after farmers slaughtered swine and sows early to prevent the spread of 
disease. The combination of deaths, culling, and early slaughter (thus lower carcass weight) 
decreased sow inventories 3 percent compared to 2005 levels (Bean & Zhang, 2007). 
The most significant disease to negatively affect both pork production and consumption over the 
last decade is the Porcine Reproductive and Respiratory Syndrome (PRRS), commonly called 
blue ear disease, which occurred in (2006 to 2007). The disease first hit Jiangxi province in 
2006, but in 2007 spread to 26 of 31 provinces (Zhang & Trachtenberg, 2007). According to the 
Ministry of Agriculture, production was substantially affected (Figure 4), with 257,000 disease 
cases, 68,000 deaths, and 175,000 animals culled. Similar to Streptococcus suis, backyard farms 
were particularly vulnerable to the disease, as they generally take less measures against disease 
prevention and control (Zhang & Trachtenberg, 2007). 
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Source: China Agricultural and Economic Data, Economic Research Service,  
United States Department of Agriculture 
Figure 4. China's Total Pork Production, 1999-2008, and PRRS, Late 2006 
Anecdotal evidence suggests that many disease outbreaks continue to go underreported by both 
farmers and local officials. While the government maintains it compensates farmers for any 
animals lost to disease, interviews with farmers reveal that compensation is often 60 percent or 
less the price of the animal (whether fattened hog or piglet). Therefore, instead of culling 
animals, famers attempt to treat animals with drugs bought locally. Local officials are also 
reluctant to report disease outbreaks, as local governments do not budget for outbreaks and must 
instead raise money to compensate farmers when disease occurs (Woolsey, Zhang, & 
Rasmussen, 2010). 
Disease shocks can pay a major role in price volatility. However, the outbreak of PRRS and its 
concurrent spike in pork prices alarmed the government more than previous market shocks. 
Following the outbreak in August of 2007, prices rose to 87 percent above that of the same 
month, previous year (Zhang & Trachtenberg, 2007), and likely helped fuel China’s 2007 
economy-wide inflation (Zhang & Trachtenberg, 2008). As a result, consumers became angry 
and many new policies ensued. The government provided subsidies for breeding sows and for 
sow insurance and extended the loan payback period for swine producers running larger 
operations (Zhang & Trachtenberg, 2008). Backyard and small farms were not initially eligible 
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to benefit from the 2007 policies, even though they historically constitute a significant portion of 
total production. 
Production trends, challenges, and outlook 
Price volatility, animal disease, and government policy repeatedly drive contraction and 
expansion of the industry (Gale & Henneberry, 2009). High pork prices and government 
subsidies in 2007, in addition to the January 2008 removal of the 25 percent corporate income 
tax for animal producers, attracted substantial investment in hog operations (Zhang & Beckman, 
2008). Meanwhile, increasing costs of production and higher vulnerability to animal disease due 
to poor disease control causes backyard and small swine farmers to leave production (Zhang & 
Trachtenberg, 2007). In fact, the composition of China’s pork supply is quickly evolving. Within 
the last 10 to 20 years, professional household farms increasingly contributed to production. 
Now, the hog production composition is shifting once again from professional household 
operations to commercial operations, as professional household farms find enduring small profit 
margins increasingly difficult5. While the proportion of backyard farms accounting for 
production remains substantial, it has certainly decreased from figures near and above 70 percent 
seen as recently as 2005, to 50 percent in 2008 (Figure 5) (Latner, Beckman, & Zhang, 2008). 
                                                 
5
 From personal communication with producers in Hunan province. 
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Source: Latner et al., 2008; China Ministry of Agriculture, 2009 
Figure 5. Share of Production by Farm Type 
Spatially, pork consumption is widespread. Both rural and urban consumers consume pork over 
other meats—so consistently that studies have shown pork has become a necessity in Chinese 
households. In 2007, both price and income elasticities of pork demand in China were lower than 
for any other meat (Wagner & Bean, 2007). A study by Zhuang & Abbott (2007) found the own 
price and income elasticities to be -.26 and .01, respectively. The enduring role of pork in the 
diet among most households is likely a result of the benefit of keeping hogs. As of 2002, nearly 
83 percent of household farms have less than .6 hectares of land, making it difficult to plant a 
sufficient crop to consume or sell. Hogs are a relatively inexpensive type of insurance, either to 
sell or to eat, in times of need (Pan & Kinsey, 2002). Therefore, pork consumption is 
traditionally extensive and many rural households are both consumers and producers. Certain 
provinces consistently produce more pork than others (Figure 6 and Figure 7). Moreover, the 
production maps illustrate growth in production as well as a certain extent of geographic 
consolidation in production levels across provinces. 
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Source: China Agricultural and Economic Data, Economic Research Service,  
United States Department of Agriculture 
Figure 6. China’s Per Capita Pork Production in 1999 
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Source: China Agricultural and Economic Data, Economic Research Service,  
United States Department of Agriculture 
Figure 7. China's Per Capita Pork Production in 2008 
In general, pork production levels correspond to population levels. The provinces of Sichuan, 
Hunan, and Henan produce more than 40 million hogs annually, while the following six 
provinces each produce between 20 and 40 million hogs annually: Hebei, Shandong, Jiangsu, 
Hubei, Guangxi, Guangdong (MOA, 2009). Commercial production is currently concentrated in 
South China (e.g. Fujian, Guangdong, Hunan) and certain coastal provinces. The same areas are 
unsurprisingly also receiving investment in breeding, production, and processing (Bean & Zhang 
2004; Chen, 2009; Zhang & Beckman, 2008). In terms of regional trading patterns, major 
markets are scattered throughout the country, with the exception of the farthest western 
provinces. In the north, Liaoning produces for Beijing, in the south, Hunan, Jiangxi, Fujian, and 
Guangdong produce for local consumption and for export to Hong Kong and Macao. In the east, 
Jiangsu produces for the Shanghai market, and in the west, Sichuan produces for both the local 
market, as well as for Guangdong. Finally, the provinces of Henan and Shandong produce for 
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own consumption as well as for Korea and Japan (Chen, 2009). South China is the largest pork 
consuming region (Chen, 2009). 
Alongside the changing composition of hog production is the evolving nature of production and 
production technology. Regardless of farm size, production over time has become more efficient. 
The average feed-to-pork conversion rate over the last 10 to 15 years has decreased from nearly 
four to around three (where 3 kg of feed yields 1 kg of pork) (Pan & Kinsey, 2002). 
Despite certain efficiency gains among most producers, the production practices of small 
operations differ from those of their commercial counterparts. For example, the use of swine 
genetics is generally linked to scale of production. Commercial farms increasingly import swine 
genetics (both live hog and boar semen) from North America and Europe. One swine production 
enterprise (with multiple farms) has even partnered with a foreign genetics supply company to 
import great-grandparent-level sows. The company will update the swine genetics and eventually 
sell grandparent-level swine (sows and boars) to commercial breeding farms. Meanwhile, 
backyard and small farms generally raise traditional Chinese hog breeds, but these farms are also 
shifting to producing more foreign, leaner breeds.  
The composition of swine feed and hog/pork marketing are also a reflection of farm scale. 
Traditionally, backyard farms used more forage, table scraps, and crop residual as hog feed. As a 
result, backyard farmers were less responsive to prices than their larger producer counterparts. 
Today, backyard and small farms often purchase concentrate feed (high-protein ingredient) and 
corn and blend their own feeds. Larger farms also blend their own feed, depending on corn and 
soybean prices, and they tend to use a higher protein level. During an interview6, one commercial 
feed company in South China explains that when the price of corn and soybeans becomes too 
high, it is more cost effective for the farms to purchase complete feeds instead of corn, soybeans, 
and premixes separately. Among backyard, professional household, and large farms alike, hog 
feed is composed of 60 to 70 percent corn (Wagner & Bean, 2007; Zhang & Beckman, 2008). 
Therefore, as hog production increases through commercial production, so does the demand for 
feed ingredients. With respect to product marketing, small producers are also more likely to 
produce for local markets and ship pork shorter distances. 
                                                 
6
 From private communication with a South China feed company. 
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Commercialization in the pork industry is, in large part, a result of urging from China’s central 
government. For example, following the liberalization of hog slaughter in 1985, when the 
government slaughterhouses no longer monopolized the sector, individual butchers gained more 
than 80 percent of the slaughter share. Shortly thereafter, under the 1998 Slaughter Act, slaughter 
in non-designated facilities became illegal. However, enforcement of the Slaughter Act is 
difficult and illegal slaughter still occurs (Pan & Kinsey, 2002). China’s government recently 
implemented a second policy aimed at the processing sector and revealed plans for the 
restructuring of the pork sector by the year 2015. The plan aims to increase the national scale of 
production and disperse slaughtering facilities geographically. It includes the construction of 
large slaughter facilities spread throughout 19 provinces selected as primary pork producing 
regions. The largest cities are to have less than 3 facilities while smaller cities will have no more 
than one large slaughterhouse. The goal by 2015 is to have commercial operations account for 65 
percent of total production (MOA, 2009). In addition to maintaining a geographical distribution 
of pork production, the government aims to expand pork exports. In 2005, the government 
completed establishing five “disease-free zones” in Hainan where production and sanitation are 
closely monitored to prevent epidemic animal disease (Bean & Zhang, 2005a). A third policy 
toward increasing efficiency and scale in pork production involves government plans to launch a 
live futures contract on the Dalian Commodity Exchange (Chen, 2009).  
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 CHAPTER 3. METHODS 
Literature 
Market integration analysis relies on information about market shocks. Variation in regional 
supply and demand factors such as income, population, infrastructure, and feed costs can mark 
barriers to price signal transmission, arbitrage and trade. Therefore, given recent supply and 
demand shocks, and heterogeneity in regional production characteristics, it would be unwise to 
analyze pork market integration without first knowing more about geographic structure in pork 
prices. The regional market information from commodity reports and recent studies related to 
China’s agricultural development strongly suggests that pork prices may depend greatly on 
characteristics of a given region (e.g. proximity to grain production, income elasticities, disease 
prevention measures and related scale of production). However, to pool data on supply and 
demand variables to determine their impact on pork prices could mask the effect of spatial 
variation in pork price structure. Moreover, estimation that pools information of a cross-section 
spanning a large geographic area can introduce bias in coefficients by ignoring spatial 
autocorrelation of variables. 
Fotheringham, Brunsdon, & Charlton (2002) warn of the bias introduced when using “global” 
(aggregated) information to model “local” data processes and demonstrate the use of a GWR in 
modeling spatial data structures. While Geographically Weighted Regression (GWR) models 
have generally been used in regional economics, such as in hedonic models of processes such as 
housing price determination, additional studies have applied the tool to other economic fields. 
For example, Farrow, Larrea, Hyman, & Lema (2005) use GWR to identify structural differences 
in food poverty indicators across provinces in Ecuador. While traditional patterns of food 
poverty were perceived to be located in particular regions (i.e. Andes, Coast, and Amazon), they 
find that the provincial level describes the structure of food poverty indicators better than the 
regional level. Partridge, Rickman, Ali, and Olfert (2007) compare the consideration of 
community-specific variables (local indicators) in designing regional policy to a traditional 
model where policy is determined based on global parameters. They find that for two-thirds of 
the variables, the global coefficients greatly underestimate the community effects. They conclude 
that policy that does not consider local variation of variables results in very biased coefficients 
that could misdirect regional policy. Unlike previous work, this thesis applies the GWR to model 
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commodity price behavior. The framework for modeling local information through GWR 
presents the opportunity to analyze pork prices given province-specific supply and demand 
characteristics. 
With respect to measuring the degree of market integration and its implications, the process is 
complicated by the presence of non-stationary price series. Over time, markets can be linked by 
trade and/or by stochastic processes which influence prices in similar ways. In the presence of 
trade, efficiency, and non-stationary series, long-term price equilibrium relationships (i.e., 
cointegrating relationships) may exist which can correspond to perfect market integration. Short-
term deviations—reflections of temporary dislocations or brief inefficiencies—from the long-
term relationship may also emerge which are eliminated through arbitrage. However, 
cointegrating relationships may also emerge in the absence of trade between two specific regions 
as a reflection of market-wide supply and demand factors that influence regions in a similar 
manner. In this case, the existence of a long-term price relationship may not be indicative of an 
efficient market, but may provide insights into the ability of the market to transmit information. 
In contrast, two markets may be completely integrated (with trade and price differences 
consistent with costs), yet not demonstrate a long-term linear price relationship if transport costs 
are volatile and high (Fackler & Goodwin, 2001). 
Therefore, due to the complexity of analyzing market integration, past studies have used a range 
of models. Model choice for studying market integration is often contingent on data availability 
and information about trade flows, and a complete story of market integration would incorporate 
full information regarding transport costs. However, such data are rarely available. While major 
regional hubs exist with distinct trade flows (e.g. Hebei supplies Beijing, Guangdong’s neighbor 
provinces export to Guangdong), many farms produce for smaller local markets (Chen, 2009). 
Pork demand is geographically widespread, but the lack of cold chain infrastructure discourages 
the marketing of processed meat to distant markets, and drives local markets (Pan & Kinsey, 
2002). Therefore, provinces which are part of different regional markets may face barriers to 
arbitrage and be less linked. Given the complexity of trade flows and the constraint of transaction 
cost data, many models rely on price series only. For example, early studies of market integration 
used price correlations. However, price correlation methods were later abandoned and replaced 
with cointegration models. Since the introduction of cointegration methods, many studies have 
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applied more complex models such as threshold autoregression and parity bounds that 
additionally consider price differentials and transaction costs, respectively, in evaluating market 
integration. 
Due to a lack of transaction cost measures for China’s hog transport and cold chain, in addition 
to the constraint of monthly data versus weekly or daily prices, this analysis uses cointegration 
models to test for long term relationships among price series and to gain a better understanding 
of market efficiency. While cointegration does not necessarily imply market integration for the 
reasons recently discussed (Fackler & Goodwin, 2001), cointegration models combined with 
knowledge of recent pork industry characteristics can suggest the strength of the Law of One 
Price (LOP) in China’s pork markets and signal barriers to price signal transmission and 
arbitrage. 
Many cointegration models have developed over the years, and their application depends on 
factors such as sample size, number of variables, and order of integration. The sample size is of 
specific consideration in this study; while the pork price data used here spans over ten years, its 
monthly frequency limits the sample to 128 observations. Abeysinghe and Boon (1999) evaluate 
six bivariate and multivariate cointegration techniques including OLS (using the Engle-Granger 
two step procedure), an autroregressive distributed lag (ARDL) model, the Johansen test, and an 
OLS with differenced leads and lags of explanatory variables. They specifically test the 
performance of the six models in a small sample. The primary finding of the study is that model 
complexity among small samples does not generate better coefficient estimates of a cointegrating 
vector. They find that the OLS (Engle-Granger) coefficients converge more quickly than those of 
an ARDL model and that they are the only consistently “reasonable” estimates across all of trials 
(using multiple datasets). They find that in small samples, the multivariate Johansen model 
produces outlying estimates most frequently among the six techniques. 
A second study by Dergiades and Tsouldifis (in press) analyzes determinants of electricity 
demand in Greece using an ARDL model. The study is of particular interest as it highlights two 
important features of the ARDL model. First, unlike most cointegration studies, the ARDL 
26 
 
model allows for two series tested for cointegration to be integrated of different orders7. Second, 
the study uses the ARDL model due to its better performance among small samples. Specifically, 
the study discusses the strength of hypothesis testing using the ARDL model due to a greater 
efficiency of the cointegrating coefficient estimates. The ARDL results show that a long term 
relationship exists between all determinants of electricity demand in Greece involved in the 
study. 
This study performs a pairwise analysis of cointegration. Therefore, our model choice is not 
limited to multivariate models such as the Johansen procedure. Taking the small sample size of 
China’s pork price data into consideration, yet using multiple cointegration tests to check for 
robustness, this study applies three methods: the Engle-Granger (E-G) two-step procedure, a 
Johansen model, and an ARDL model. 
  
                                                 
7
 “Integrated” here refers to the nature of a stationary time series. For example, a non-differenced stationary series is 
“integrated of order 0”, or an I(0) process. A series that becomes stationary only after first-differencing is 
“integrated of order 1”, or an I(1) process, and so on. As cointegration tests for a stationary long term relationship 
between two individually non-stationary series, cointegration testing generally requires two series to be integrated of 
the same order. 
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Methodology 
A spatial model of price 
To analyze market integration China’s commodity markets, past studies employed cointegration 
models, complex integration models, in addition to other procedures. However, the majority 
focus on integration of China’s staple grains, likely because commodities such as maize, rice, 
and soybeans are traditionally the most controlled (and currently the most protected) commodity 
markets. Huang and Rozelle (2006) used cointegration estimation over a rolling window to study 
integration in China’s rice, maize, and soybean markets from 1996 to 2000. They found the 
markets to be developing and that the conventional government command and control measures 
have become less effective than previously in distorting markets. Other studies used more 
complex models for studying market integration. Park, Jin, Rozelle, & Huang (2002) provides a 
parity bounds framework to analyze market performance of maize and rice from 1988 to 1995 
with consideration of arbitrage rates, transactions costs, and autarky rates. A study by Brosig, 
Weitzel, Glauben, Poghosyan, and Rozelle (2007) uses a threshold autoregression with rolling 
window cointegration to analyze soybean markets from 1996 to 2000. Both studies also indicate 
some development in grain markets for the periods of study. While grains and livestock markets 
require similar conditions such as transportation infrastructure and sufficient market information 
to function well, other factors such as cold transport and storage could imply less progress in the 
development of pork versus grains markets. For example, given the spatial heterogeneity of 
production scale, there is reason to believe that related information access, cold chain 
availability, and other forms of infrastructure would also be distributed unevenly in space. 
Related to local markets, the literature suggests China has five basic “regional hubs” for pork 
production and consumption, but while it identifies possible trade patterns, it leaves little 
information regarding other substantial production and consumption in proximity to China’s 
second tier, more inland cities. 
When ignoring any spatial process during estimation, spatial effects will be confined to an error 
term. The estimation of panel data generally uses a random or fixed effects model; although, the 
estimation of multiple intercept terms with fixed effects, versus random effects, allows the 
estimation to consider spatial information. However, while fixed effects does take geographically 
varying information into account, GWR both nests the benefit (multiple intercepts) of a fixed 
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effects model, and captures the spatial behavior of the coefficients by imposing a spatial 
structure on the variables. Specifically, in estimating 28 separate regressions, GWR not only 
generates a location-specific intercept, such as those produced in a fixed effect model, but also a 
location-specific coefficient for each explanatory variable. Furthermore, the coefficients 
estimated from a GWR can then be used to create regions with similar pork price generation 
following estimation. 
A GWR uses coordinates of a location to calculate a distance-based weight. Estimation of the 
GWR generates coefficients where the attributes of closer provinces will have a larger effect on 
the coefficient than farther provinces. To estimate province-specific coefficients, the GWR is run 
for  locations (28 provinces in our case), each time using a weights vector formed by distance 
with respect to region . The GWR regression can be written as follows: 
 = ,  +   , 

+         1 
where ,  denotes coordinates for province , and  is the number of explanatory variables 
(11 for this study) (Fotheringham et al., 2002). 
Each coefficient estimate is then generated as: 
,  =  !",  #$ !",        2 
Where ",  is an   ∗ ' x  matrix composed of weights for each province . (The 
regressions use the same weight for every year ' within the 11-year period). The weighting 
scheme used for the GWR is a bisquare kernel8, where the weight from province  to province ( 
is the following: 
)* = +1 − -.*ℎ 0
12
1
       3 
                                                 
8
 A 1998 study by Paul Thorsnes and Daniel P. McMillen demonstrated that kernel choice does not cause large 
variation in estimates. 
29 
 
Here, .*is the distance from province  to province ( and ℎ is a bandwidth that can be fixed 
manually or selected based on a goodness-of-fit measure. The bandwidth is the parameter which 
“tightens” the number of provinces whose information is included in the calculation of the 
weighted explanatory variable (",  ) coefficient estimate. In the case of the bisquare 
kernel above, a smaller value for ℎ will increase the number of provinces whose weights will be 
forced to zero. In other words, in calculating the coefficient for , the estimation does not 
consider data from provinces that are farthest from province . 
The bisquare kernel shown in (3) requires the identification of an appropriate bandwidth. Too 
large of a bandwidth can “smooth” regional variation resulting in more homogeneous coefficient 
estimates across space. A smaller bandwidth essentially excludes observations that are farther 
from province . Packages exist for selecting bandwidth based on various information criteria, 
but only for certain kernels. Instead, this paper uses a similar method, but manually selects the 
bandwidth to maximize the Akaike Information Criterion (AIC) for the majority of provincial 
regressions while treating the data as a panel. 
In using the GWR, the coefficient estimates should reflect any differences in the data generation 
process among regions, and thus add insight into spatial price patterns. To summarize similarities 
in the price data generating processes, I use the Fuzzy C-Means (FCM) clustering algorithm 
(Bezdek, 1981; Dunn, 1973) to group alike GWR coefficients. First, the algorithm allows the 
number of regional clusters, c, to be specified. Then, through iteration, the algorithm minimizes 
an objective function containing the coefficients on all variables, for all 28 provinces, to obtain 
optimal clusters. The algorithm is known as “fuzzy” because it calculates the probabilities that 
each province belongs to a given regional cluster, instead of assigning provinces strictly to one 
cluster or another. Finally, the regions can be mapped to illustrate spatial heterogeneity in pork 
price generation. 
To verify that the clusters generated by the fuzzy clustering algorithm statistically represent 
provinces that share similar price data generation processes, I create dummy variables and 
interaction terms for four (of five) clusters. (The interaction terms will be for four regional 
clusters multiplied by each non-dummy variable from the GWR regression). I then estimate a 
generalized least squares (GLS) model including the regional (cluster) dummy variables and 
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their interaction terms. Using a Wald test, I test the joint significance of the interaction term 
coefficients9, where the null hypothesis is that the coefficients are the same. 
While econometric issues such as heteroscedasticity, serial autocorrelation, and multicollinearity 
present problems for hypothesis testing, they do not alter the coefficient estimates of the GWR. 
Nonetheless, in order to perform joint significant tests on the regional coefficients (interaction 
terms) derived from the GWR and clustering algorithm, the three problems must be tested for 
and addressed. Within the GLS, I therefore test for heteroscedasticity of the error terms by 
running a likelihood ratio test of two regressions (one fitted with heteroscedasticity and the other 
fitted without). The null hypothesis of the likelihood ratio test is no heteroscedasticity. I use 
Wooldridge’s test (2002) for autocorrelation within the panel data model. The null hypothesis for 
the autocorrelation test is no first-order autocorrelation. I will check the panel data for 
multicollinearity using a variance-inflating factor (VIF), which shows the degree to which the 
variance of an estimator is inflated due to multicollinearity10.  
Three cointegration equations 
Before testing for cointegration, I first test all provincial price series for structural change and 
stationarity. Instead of using Chow’s test for a structural break in the residuals, a test by Zivot & 
Andrews (1992) allows a single series to be tested for structural change. It is a unit root test 
whose null hypothesis is nonstationarity, and alternative hypothesis is stationarity around a 
structural break. If a structural break in a series is ignored while testing for stationarity of the 
series, the break can inflate the standard error of the estimates and decrease the chances of 
rejecting the null hypothesis of nonstationarity. Therefore, the Zivot-Andrews test performs a 
grid search of possible break points in the intercept and/or trend, and will reveal whether a series 
                                                 
9
 I test for joint significance using three methods: 1) one estimation: one Wald test for joint significance of all 
regions, for every variable; 2) multiple estimations by region combination: one Wald test per region combination 
(e.g. Region 1=Region2, Region 1=Region 3…Region 3=Region 4), using each variable; and 3) multiple estimations 
by variable: one Wald test per variable, all regions. 
10
 The variance-inflating factor is expressed as 456 = $$#7898 , where :1;is a correlation coefficient between two 
variables in the regression (between a given variable and a second variable with which the first shares the highest 
correlation coefficient of all variables in the regression). The VIF is the factor by which the estimator variance 
becomes inflated with multicollinearity. As the correlation coefficient approaches 1, the VIF approaches infinity 
(Gujarati, 2003).  
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is truly nonstationary or in fact stationary with a structural break. The test has three formulations 
(Waheed, Alam, & Ghauri, 2006): 
∆= = > +∝ =#$ + ' + @AB= +  .*∆=#*

*C$
+ =                   4 
∆= = > +∝ =#$ + ' + EAF= +  .*∆=#*

*C$
+ =                   5 
∆= = > +∝ =#$ + ' + EAB= + @BF=  .*∆=#*

*C$
+ =        6 
Equation 4 contains the term @AB=, a dummy variable representing a shift in the intercept, and 
used for every date. The second formulation (Equation 5) includes a similar dummy variable, 
EAF=, but instead represents a shift in the trend. Equation 6 contains dummies for a break in 
both intercept and trend. 
The Zivot-Andrews test for structural change is an expansion of the Augmented Dickey-Fuller 
(ADF) unit root test, which can be used to more carefully examine nonstationarity of a series. 
Cointegration testing requires two or more series to be integrated of the same order. Therefore, I 
use the ADF to test the provincial price series for nonstationarity. The ADF unit root test 
estimates the basic regression in Equations 4, 5, and 6, excluding the dummy variable terms used 
for the Zivot-Andrews test. The ADF equation is as follows: 
∆= = > +∝ =#$ + ' +  .*∆=#*

*C$
+ =        7 
The series is nonstationary when ∝ = 0. The test is “augmented” as it contains one or more 
lagged differenced dependent variables to prevent serial autocorrelation (Gujarati, 2003). 
After testing for structural change and stationarity, I use the E-G two-step procedure to first test 
for cointegration. The first step estimates the following model:  
K,= =∝+ K*,= +  =        8 
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where K,= is the pork price in region  and K*,= is the pork price in region (. The results do not 
change based on which variable is chosen for the dependent or explanatory variable. However, 
the two series must be individually nonstationary and integrated of the same order in order to test 
the pair for cointegration.  
Step two of the E-G test takes the residuals from Equation 8 and tests them for stationarity using 
an ADF test. However, to test the null hypothesis of no cointegration (nonstationarity), the tau 
statistic must be compared to critical values generated by MacKinnon (1991), instead of 
compared to critical values of the ADF. A stationary series of residuals implies cointegration. 
While two series independently are nonstationary, stationarity among the residuals implies a long 
term linear relationship exists between the two series. The relationship determined through 
estimation in Step 1 (i.e. the cointegrating vector) is represented by α and β. Instead of estimating 
a single cointegration equation over the entire time period, I use recursive estimation of the E-G 
model to identify more closely the period at which the two price series show cointegration. 
To check the robustness of the E-G cointegration finding for each province pair, I next use the 
Johansen test (1991). The Johansen test allows for multiple series to be tested jointly for 
cointegration and models both a short term error correction and a long term cointegrating 
relationship. Specifically, the test estimates short term error correction coefficients and finds the 
rank, or number of cointegrating vectors present among the series. In matrix form, the Johansen 
model can be written as: 
ΔP*,= =  OΔK*,=#$ + P!K*,=#Q + =
Q#$
C$
      9 
The coefficient, O, is the error correction coefficient,  is a cointegrating vector, and α are speed 
of adjustment parameters of the cointegrating vector. The null hypothesis is that the number of 
cointegrating vectors is less than or equal to rank :. 
The third cointegration model used in the study is the Autoregressive Distributed Lag (ARDL) 
model. The ARDL model can be used to test series of mixed order. Rather, it can test a series of 
I(0) and I(1), but not of I(2), for cointegration. Additionally, the test retains efficiency with small 
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samples, and each provincial pork price series has only 128 observations (Dergiades & 
Tsouldifis, in press). The ARDL approach to test for cointegration uses OLS to estimate: 
∆K*,= =∝+  ∝$ K*,=#$ + ∝1 K,=#$ +  ∝; ∆K*,=#
Q
C$
+  ∝T ∆K,=#
Q
C$
+ =        10 
where  ∝$ and ∝1 are long run multipliers of the lagged level variables, and ∝; and ∝T are the 
conditioning effects of the short-run process. The ARDL test for cointegration is a joint test that 
the coefficients of the price levels,  ∝$ and ∝1 are equal to zero. The alternative hypothesis is 
that at least one coefficient does not equal zero. The joint test statistic (F-stat) has a non-standard 
distribution and must be compared against critical values generated by Narayan (2005), which 
are suitable for small samples. If the F-stat exceeds the upper bound critical value, the test 
implies the series are cointegrated. If the F-stat is below the lower bound critical value, the null 
hypothesis of no cointegration cannot be accepted. However, if the F-stat lies between the two 
bounds, then the test is inconclusive. The appropriate lagged structure to estimate 10 can be 
identified by finding the combination of lags that minimizes an information criterion, such as the 
Bayesian Information Criterion (BIC) or the Akaike Information Criterion (AIC). 
While this study uses three tests to check the robustness of cointegration findings, the tests have 
strengths and weaknesses. The study by Abeysinghe and Boon (1999), which compares the 
performance of six cointegration models, found that while the E-G estimators are less efficient 
and disregard any short term (error correction) dynamic between two series, they were less 
biased than those of other models. The Johansen test, while incorporating the error correction 
process, fares more poorly in the case of small samples. However, the ARDL also incorporates 
error correction terms, yet generates more efficient estimators than the Johansen test when the 
sample size is small. Therefore, the ARDL test is preferred over the E-G two-step procedure for 
hypothesis testing. Nonetheless, the E-G long run coefficient estimates should not be completely 
ignored. 
Data 
To first spatially model regional heterogeneity in price structure, the study uses yearly data, 
where both monthly and weekly data are averaged to create yearly values. The period of analysis 
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is from January of 1999 to August of 2009. The data are taken from multiple sources: pork and 
corn prices come from the China Veterinary Association (2009), and both are monthly11 and 
wholesale. Total population and urban disposable income are yearly series from the Chinese 
Statistical Yearbook of the China National Bureau of Statistics (NBS) as posted by the USDA-
Economic Research Service (ERS) (2009). The study uses urban income instead of rural income 
to avoid potential endogeneity of rural incomes with pork prices. Given the large number of 
disease and policy shocks that occurred over the time period, I develop controls for the shocks 
using information from the Global Agriculture Information Network (GAIN) reports from 1999 
to 2009 (publication of the Foreign Agricultural Service—FAS—of the USDA). Animal disease 
outbreaks can substantially impact pork production in China, as small and backyard farms 
comprise a large share of total production and are specifically vulnerable to disease. Therefore, 
the study uses information from GAIN reports on pork policy and animal disease to create both 
representative dummy variables, and a variable for a pork input tariff (which fell from 20 to 12 
percent over the period of study.)  The dummy variables are described in detail below:    
• Foot and Mouth Disease (FMD) dummy: The dummy is 1 for certain provinces with 
outbreaks in 1999, 2005, and 2006, and 0 for non-outbreak provinces; 
• Avian Influenza (AI) dummy: The AI dummy is 1 for every province in 2004, the year of 
major AI outbreaks in China; 
•  Streptococcus suis dummy: The Streptococcus suis dummy is 1 for Sichuan province in 
2005, the province that suffered most from the disease. 
• Swine Fever dummy: The dummy is 1 for every province in 2006, when consumption 
decreased from the disease. 
• Porcine Reproductive and Respiratory Syndrome (PRRS) dummy: The PRRS dummy is 
1 for every province in 2007, when the height of the animal epidemic occurred. In Jiangxi 
province, the first outbreak occurred in 2006. Therefore for Jiangxi only, the dummy is 1 
in 2006. 
                                                 
11
 Prices from 1999-2007 were published on the China Veterinary Association website as monthly provincial 
averages. Data from 2008 and 2009 were published as weekly values, and thus monthly averages were calculated for 
these years, considering the price of each week that fell within a given month. 
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• Policy 2008 dummy: This dummy is 1 for every province in 2008, when the government 
provided subsidies to low-income consumers following the 2007 to 2008 spike in pork 
prices. 
It should be noted that while the disease and policy dummies included in the model represent 
significant market shocks during the time period, the effects of certain diseases and policies may 
be confounded by other changes in pork policy occurring during that same year. For instance, 
while 2007 was the peak of the PRRS animal epidemic, the government responded to soaring 
pork prices by instating insurance and sow breeding subsidies, and by lengthening the loan 
payback period for producers. In 2008, not only did the government provide subsidies to low 
income consumers, but the government continued providing subsidies to producers to ensure 
sufficient production and affordable pork. Thus, given my data, I cannot disentangle these 
multiple yearly effects. The annual nature of the data limits the interpretation of the dummy 
variables, but estimation may lend more insight into the effect of the various disease and policy 
shocks. 
The China Statistical Yearbook includes data for the year prior to that of publication. In addition, 
the most recent publication at the time of this analysis was the 2008 Yearbook. Therefore, the 
urban disposable income and population variables were linearly interpolated for 2008 and 2009. 
Any missing corn and pork prices were also interpolated linearly with time, but constituted less 
than one percent of total values. Summary statistics for all of the variables (including 
interpolated values) are presented in Table 2. 
The time series analyses in the paper (i.e. cointegration regressions) use only monthly pork price 
series by province, and no other variables that are used in the GWR. 
Table 2. Summary Statistics of GWR Model Variables 
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CHAPTER 4. RESULTS 
Results of Spatial Analysis 
The Geographically Weighted Regression (GWR) regresses pork prices on the explanatory 
variables listed in the previous chapter. Before reviewing the results of the GWR, however, the 
following discussion outlines the expected signs of the estimators for: population, logged urban 
income, a time trend, corn price, import tariff rates, dummies for Foot and Mouth (FMD), Avian 
Influenza (AI), Streptococcus suis, Swine Fever, Porcine Reproductive and Respiratory 
Syndrome (PRRS), and government policy from 2008. A positive coefficient sign is expected for 
the variables of population and logged urban income. As population increases, I expect that 
demand should also increase. Similarly, increases in income, represented by logged urban 
income, should increase demand for pork and thus put upward pressure on pork prices. 
The estimator on the trend variable is also predicted to be positive. While often representative of 
technological change and decreasing production costs, the study instead uses the trend variable to 
control for trends that might otherwise be mistakenly attributed to other explanatory variables 
trending upward with time (e.g. population and income).  
The predicted sign for most remaining explanatory variables is also positive. For example, corn 
constitutes a major input cost in Chinese pork production (close to one half of production costs 
for large farms and slightly less than one half of total costs for smaller farms) (Wagner & Bean, 
2007). In addition, swine feed in China generally includes 60 to 70 percent corn (Wagner & 
Bean, 2007; Zhang & Beckman, 2008). Thus, the coefficient for corn prices is expected to show 
a positive sign. The tariff on pork imports (offal and frozen) is also expected to be positive, as 
higher priced imports due to higher tariffs imply more reliance on domestic supply. The five 
diseases (as dummy variables) affected both pork demand and supply and are expected to have 
either negative or positive signs, depending on the shock. The following four variables impacted 
pork demand and are predicted to show the following signs: 
• AI, increased pork demand as consumers substituted to pork from poultry in their diet. 
The expected sign of the estimator is positive; 
• FMD, decreased demand due to consumer skepticism surrounding the outbreaks 
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(although during the period of study more FMD outbreaks in cattle occurred than in 
swine), coefficient sign predicted to be negative; 
• Streptococcus suis was contracted by humans and negatively affected consumption in 
Sichuan province (although it only marginally affected production). The coefficient sign 
is likely to be negative (Bean & Zhang, 2005d); 
• Pig Fever, expected to show a positive coefficient sign. Consumer fears surrounding the 
disease caused some shift from pork to beef consumption (Bean & Zhang, 2007). 
One disease had a relatively significant impact on pork supply: 
• PRRS decreased domestic production in 2007 by roughly 8 percent from 2006 production 
levels (Chen, 2009). Due to decreased supply, the PRRS dummy coefficient is expected 
to be positive. 
It is worth noting again, that while we might expect the AI dummy coefficient to be positive 
reflecting increased pork demand, the dummy is 1 for every province in 2004. Therefore, the 
coefficient may also capture 2004 pork policy and consequently show a negative sign. In 2004, 
the government phased out both the slaughter tax and other agricultural taxes, which presumably 
made production costs cheaper and possibly may have reduced pork prices. In addition, during 
the same year the government reinstated live animal reserves to lessen the burden of high pork 
prices on low-income consumers (Bean & Zhang, 2005c). Therefore, the effect of the 2004 
policies could contribute to a negative sign for the AI coefficient. The 2008 policy, however, 
which provided subsidies to low-income consumers, is expected to have increased demand and 
thus show a positive effect on pork prices. 
The decision to use the GWR was based primarily on the fact that the model incorporates the 
flexibility (i.e. multiple intercept estimates) of fixed effects, while allowing for coefficient 
estimates to also vary by province. However, to first conclude that a fixed effects model would 
be more appropriate for the data than a random effects model, I perform a Hausman test on the 
simple panel regression results. The chi-squared test statistic of the Hausman test is 28.9, which 
exceeds the critical value. The null hypothesis that the estimates of the efficient random effects 
model are the same as those of the consistent fixed effects model can be rejected at the five 
percent significance level. Since the Hausman test therefore implies that the more appropriate 
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model for the data is fixed effects, and as GWR nests elements of the fixed effects model, the 
study proceeds using the Geographically Weighted Regression. 
General GWR results 
To choose the appropriate bandwidth for the bisquare kernel used in the GWR, I first take a 
bandwidth of the maximum distance from province  to any other province (. By starting with the 
maximum distance, I can initially include all provinces and from there, I can “tighten” the 
specification. As I gradually decrease the bandwidth, I consequently drive the weights of more 
observations to zero. The bandwidth comparison (Figure 8) shows that the Akaike Information 
Criterion (AIC) criterion for several province -weighted regressions begins to increase 
following a low point where the bandwidth was one-seventh of the maximum distance from  
to (, or, 490.3 km. Out of 28 regressions (using weights of province ), the AIC for 10 
regressions was minimized using a bandwidth of 490.3 km (max(dij)/7). The AIC for eight 
provinces was minimized with a bandwidth of 429 km (max(dij)/8)12, and for eight province 
regressions, the AIC was minimized at 381 km (max(dij)/9). Thus, the final model uses a 
bandwidth of 490 km. 
                                                 
12
 Max(dij) is the maximum distance between any two provinces of the 28 analyzed in the study,  3,431.97 km. 
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Figure 8. AIC and Bandwidth 
 The estimation results including the selected bandwidth13 and using OLS (Table 3) exhibit 
nearly all the expected coefficient signs but overall demonstrate a tradeoff14 of statistical 
significance of the coefficients for a smaller AIC when compared to the model using a 
bandwidth of max(dij) or max(dij)/2. Table 3 shows a summary of the 28 GWR estimations using 
the selected bandwidth.  (The complete results are located in the Appendix, Table 18 to Table 
21.) 
                                                 
13
 The results presented by Table 3 show include normalized weights to account for the number of observations used 
in the regression. Otherwise, the number of observations interpreted in estimation decreases according to the size of 
the weights (which are less than one). 
14
 The tradeoff would be considered giving up more information (observations) in order to gain more specific 
coefficient estimates by incorporating information of a tight circle of neighbors. 
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Table 3. Summary Statistics for 28 GWR Estimates 
 
The coefficients for population are statistically different from zero in 18 of 28 regressions. 
Interestingly, most coefficients are also negative (except in Hunan, Ningxia, and Shaanxi), which 
is the opposite sign than predicted for the variable. The unexpected sign on the population 
coefficient does not reflect any clear story, other than being an indication that local markets are 
not the largest drivers of price. Logged urban income was mostly positive but showed negative 
and significant coefficients (5 percent significance level or less) for certain northern provinces 
(Beijing, Hebei, and Tianjin) and a negative but insignificant sign for Hunan province. The 
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positive signs on most urban income coefficients are as expected, likely reflecting increased 
consumption (and thus supply to meet consumption) for increases in income. The coefficient 
estimates for 22 of the 28 provinces were significantly different from zero at the 5 percent 
significance level or less. (Further discussion of the urban income coefficient estimates follows 
this results summary.) The coefficient on the time trend was consistently positive as expected 
and significant for all province regressions. Corn price also demonstrated the expected positive 
signs for every province, and was significant in all cases except Anhui, Fujian, and Zhejiang, 
provinces with relatively low levels of pork production. The tariff variable was positive for all 
provinces, as expected, and statistically equal to zero only in Xinjiang, a rural and western 
province that is also a relatively small pork producer. 
Some of the dummy coefficients demonstrated signs that were opposite of those predicted.  
Commodity reports (Fuell et al., 1999) claim FMD negatively impacted red meat (including 
pork) consumption. However, if this were the case, it is not evident in the FMD estimate, which 
was positive across every province regression. The coefficient on the dummy was significantly 
different from zero in 26 of 28 regressions. The AI dummy (again, equal to 1 for every province 
in 2004), however, demonstrated a positive impact on pork prices and the province coefficients 
were significant in 27 cases. A positive sign was expected for the AI coefficient estimate, as 
consumer fears of eating poultry meat increased pork consumption. 
No coefficient of 28 regressions proved to be statistically significant for the Streptococcus 
dummy. The estimates for the disease showed an opposite price effect than expected, and were 
mostly positive. The only exceptions were in the case of Jiangsu, Shanghai, and Zhejiang. The 
variables for Swine Fever and PRRS showed very different results from those of Streptococcus. 
For both diseases, the coefficient for every province regression was significantly different from 
zero. The Swine Fever coefficients were negative across all provinces, supporting reports of 
consumer fears surrounding the disease. However, the effects of the 2006 year dummy for Swine 
Fever may also reflect a large oversupply during this year which may have additionally placed 
downward pressure on pork prices. In the case of PRRS, all coefficient estimates were positive, 
demonstrating the reverse impact of the disease (compared to Swine Fever). The disease resulted 
in decreased production (which anecdotally had a much larger impact than was officially 
reported), and thus had a positive price effect. Finally, the 2008 policy variable coefficients were 
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all positive at the 1 percent significance level. The positive sign may underline a positive impact 
of consumer subsidies on pork prices. 
To check that the coefficient estimates generated by the GWR are within the vicinity of 
coefficients that would be estimated using other panel data models, Table 4 compares the 
average GWR estimators from Table 3 against those of random effects and fixed effects models. 
Table 4. Comparison of GWR, FE, RE Estimators 
 
Compared to the coefficient estimates generated in the two other panel data models, the average 
GWR coefficient estimates demonstrate both the same sign and similar magnitudes. 
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OLS coefficient maps 
Mapping the GWR coefficient estimates provides a better illustration of regional patterns of pork 
price generation. Figure 9, Figure 10, and Figure 11 map the coefficient estimates for three 
variables: logged urban disposable income, corn price, and PRRS. Of the 11 variable coefficient 
estimates, these three variables are representative of supply (corn price, PRRS) and demand 
(urban income) shocks for the period of study. Each of the three variables was significant in 20 
or more of the 28 province-weighted regressions. 
 
Figure 9. GWR Coefficient Estimates for Ln Urban Income 
The provinces highlighted in red demonstrate the coefficients for logged urban disposable 
income that are largest in positive magnitude and lighter shades of red (and orange) indicate 
smaller increases in pork price given percentage increases in income. The three yellow provinces 
show decreases in the price of pork given a 1 percent increase in urban incomes. For example, 
while for a 1 percent increase in urban disposable income in Fujian pork prices are expected to 
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increase by 2.54 yuan/kg, Beijing demonstrates a 2.72 yuan/kg decrease, given an identical 
increase in urban incomes.  
Before the regression, I predicted only positive coefficients for logged urban incomes, as pork is 
the primary meat consumed across rural and urban households. (I expected that as incomes 
increase, so does both the demand for pork and its price.) However, the provinces of Hebei, 
Beijing, and Tianjin demonstrate negative and significant coefficients. The unique signs for the 
three provinces may reflect differences in consumer preference among urban consumers in this 
region. Data from China’s National Bureau of Statistics (NBS), available from 2004 through 
2008, demonstrate that per capita pork purchases among urban households are consistently lower 
in the northeast, than in eastern, central and western China. For example, in 2008, urban 
household members purchased 14.5 kg of pork, while household members in central, eastern, 
and western China purchased 18.4, 19.6, and 22.1 kg of pork, respectively (NBS, 2009). As 
urban households are unlikely to produce hogs, the NBS data may serve as a safe proxy for 
consumption. Therefore, the data may reflect regional preferences where an increase in income 
in the northeast entails less pork consumption compared to other regions. Urban consumers in 
Beijing, Hebei, and Tianjin, for example, may choose to consume alternative animal proteins 
given higher incomes.  
Moving further south, coastal provinces display high coefficients for urban incomes. As urban 
incomes along the coast can be nearly three times the income levels in interior and rural areas, 
the elasticity for pork among the urban households is presumably lower than that of their rural 
counterparts. Therefore, the more sensitive coefficients may reflect two stories. First, demand 
along the coast (excluding Beijing, Hebei, and Tianjin) may be more inelastic, which in turn 
could place more supply dependency on neighboring interior provinces. Second, if infrastructure 
is less developed in interior neighbors such as Anhui, the difficulty of getting pork to coastal 
markets may drive up prices along the coast. Therefore, increasing pork demand with rising 
incomes may contribute to pork price inflation in urban areas. 
Moving further west, if income (and demand for pork) increase among the coastal or central 
provinces, the central region (Hubei, Henan, Hunan, and Anhui) may demonstrate less sensitive 
coefficients due to its large pork supply compared to their eastern neighbors. If such is the case, 
increases in income (and demand) may not drive price up in a region hosting some the country’s 
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top producers (Henan and Hunan are the second-largest producers, after Sichuan.) The more 
sensitive coefficients in the west (Sichuan and neighbors) could relate to increasing income 
disparity in further interior regions. That is, income elasticities of pork demand in western 
regions are likely greater than those of provinces along the coast. Therefore, given an increase in 
income, these regions are likely to increase consumption and thus drive price upward. 
Overall, the map of urban disposable incomes appears to demonstrate the relationship between 
pork prices and the distance between producer and consumer location. The coefficients parallel 
disparities in infrastructure development and income from east to west, and suggest that even 
large producing provinces may face significant constraints in pork transport that consequently 
keep urban prices high. 
 
Figure 10. GWR Coefficients for Corn Price 
The map of coefficient estimates for corn prices shows a very different distribution of values 
than the map of urban disposable income. The eastern provinces from the south (Fujian) to the 
north (Liaoning) exhibit consistently low, positive coefficient estimates, while the far northeast, 
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far north, and western provinces (with the exception of Hunan and Gansu) demonstrate distinctly 
higher coefficient estimates. In the western provinces, for a 1 yuan/kg increase in corn price, the 
expected increase in pork price ranges from 3.2 to 5.2 yuan/kg. Among the coastal provinces and 
their interior neighbors, a 1 yuan/kg increase in corn price can be expected to increase pork 
prices by about 0 to 3 yuan/kg. 
The coefficient map for corn prices proves to be very consistent with China’s spatial distribution 
of corn production (Figure 11). 
 
Figure 11. China's Corn Production, 2007 
China’s corn production is concentrated in the northeast, with traditionally grain-producing 
provinces also located in and near Sichuan province. The coefficient map may then reflect grain 
marketing responses that ease the burden of high corn prices where corn is abundant. Pork 
producers in the interior provinces that would be more reliant on grain transport, however, must 
internalize in the price of pork corn price spikes coupled with transport costs. While there is 
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some extent of feed substitution among smaller scale (and more interior) hog operations from 
commercial feed ingredients when feed prices increase, the large coefficient values likely reflect 
the fact that regardless, corn constitutes a large share of hog feed. 
While the coefficient estimates for Anhui, Fujian, and Zhejiang were the only three insignificant 
estimators (of the 28 provinces), their relatively low magnitudes may be noteworthy. The three 
regions have limited corn production relative to other Chinese provinces. Therefore, the regions’ 
swine production relies more on imported feed corn compared to China’s western and northern 
regions. Although the three provinces have insignificant estimates, the low coefficient values 
may reflect a smaller impact on local pork prices, when the country faces high domestic corn 
costs. 
 
Figure 12. GWR Coefficient Estimates for PRRS Dummy 
Figure 12 represents the coefficients for PRRS in different provinces. Here, the provinces that 
are darker red demonstrate more variation in pork price in 2007, the height of the PRRS 
epidemic. Once again, all PRRS coefficients are statistically different from zero. South China 
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was reportedly hit the hardest during the outbreak, affecting many small farms that are 
characteristically more vulnerable to animal disease. However, the higher levels of 
commercialization in the south and near the coast may have minimized the price effect of the 
outbreaks in southern provinces. In addition, the dummy is for 2007. Therefore, the coefficients 
may also incorporate the effect of policies following the spike, implemented to stabilize pork 
prices. One of the policies, for example, included the government temporarily decreasing the 
tariff for frozen pork and offal imports. As Hong Kong is a major source of imports and exports, 
the map may demonstrate some price alleviation in the region following the policy. 
Regional clustering algorithm 
After specifying five regional clusters, the C-Means fuzzy clustering algorithm assigns regional 
clusters based on likeness of 11 variable coefficient estimates for 28 province-weighted 
regressions. However, before performing the joint hypothesis tests (Wald tests) of the 
generalized least squares (GLS) model to verify the significance of the clusters, I test the model 
for heteroscedasticity, autocorrelation, and multicollinearity. 
First, using the likelihood ratio (LR) of two models fitted with and without heteroscedasticity, I 
find the LR chi-squared statistic to be 104.9, and I can reject the null hypothesis of no 
heteroscedasticity. Next, I find an F-stat of 13.04 using Wooldridge’s test for autocorrelation and 
can reject the null hypothesis of no first-order autocorrelation. Finally, after calculating the 
variance-inflating factor (VIF) of the coefficients in the GLS, I find that the test suggests 
multicollinearity. The results of the VIF are as follows: 
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Table 5. VIF for Multicollinearity Check 
 
The VIF for the tariff and trend variables is high (12.88, and 12.48, respectively), implying that 
variance of the two estimators is inflated by multicollinearity with other variables. However, 
when the trend variable is removed from the model, the tariff and AI variable change sign, and 
tariff appears to pick up a time trend. A second specification of the same model, including the 
trend variable, but excluding tariff demonstrate results similar to those of the original 
specification, in both magnitude and sign. Therefore, I leave the model as it is originally 
specified. 
To correct for the problems of heteroscedasticity and autocorrelation, I run the joint test of 
similar regional coefficients using a GLS model with heteroscedasticity and autocorrelation 
correction. (Table 6 compares the coefficients and standard errors of two GLS models: one 
without heteroscedasticity and autocorrelation correction, and a second that accounts for the two 
econometric problems. The table shows a sample and excludes the results of regional dummy 
variables and interaction terms.) 
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Table 6. Comparison of GLS with Heteroscedasticity, Autocorrelation Correction 
 
The model with the heteroscedasticity and autocorrelation correction demonstrates consistently 
smaller standard errors than the model without the corrections. Therefore, the joint testing of 
regional interaction terms using the Wald test is more robust for hypothesis testing. The Wald 
tests of the interaction terms representing the five regions (although only four regional dummies) 
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prove to be statistically different from one another. (In every case15 the null hypothesis that the 
coefficients are the same is rejected.) Moreover, the findings of the Wald tests imply that the data 
generating process for pork prices is heterogeneous across China and depends on a province’s 
supply and demand characteristics, pork policy, and disease shocks. Figure 13 illustrates the five 
clusters generated by the clustering algorithm: 
 
*Crosshatching represents the second most likely cluster a given province 
 belongs to according to the clustering algorithm. 
Figure 13. Cluster Map of Similar GWR Coefficients 
                                                 
15
 Again, I perform multiple Wald tests to check the robustness of the findings that regional interaction term 
estimators are statistically different. The first includes one Wald test, testing each group (each variable) of regional 
interaction terms simultaneously (e.g.:(Pop.R.1=Pop.R.2=…=Pop.R.4)…(Income.Reg.1=Income.Reg.2= 
….=Income.Reg.4)…). A second set of Wald tests tests one pair of regions (e.g. R1=R2) for all variables, one 
region pair at a time, and includes six Wald tests (e.g. Pop.R1=Pop.R2; Pop.R1=Pop.R3;…;Pop.R3=Pop.R4). The 
last robustness check uses a Wald test of four regional interaction terms coefficients, one variable at a time. It 
includes six tests (population, logged urban income, trend, corn price, tariff, and regional dummy). All Wald tests 
with the exception of one, confirm that the regional estimators are statistically different from one another. 
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Each color represents a cluster of provinces with similar coefficients. (Table 7 provides a list of 
the resulting clusters and their provinces.) 
Table 7. Provinces Included in Regional Clusters 
 
The crosshatching on the map indicates that a province belongs to a cluster, but with less than 70 
percent probability. The color of the crosshatch corresponds to the second cluster with which the 
province could be associated. For example, Jilin province in the northeast of the country shows 
that the probability of Jilin belonging to the green cluster is less than 70 percent, and that its 
second highest probability indicates Jilin also shares similar coefficients with certain provinces, 
such as neighboring Liaoning. Sichuan province, on the other hand, belongs distinctly in a region 
including its southwest neighbors (as the algorithm grouped the seven blue provinces with a 
probability greater than 70 percent). 
The cluster map highlights regional pork price patterns observed in the earlier coefficient maps. 
For example, the coefficients of provinces in the gold cluster including Beijing, Hebei, and 
Tianjin, demonstrated less and negative variation with respect to corn price and logged urban 
income, respectively, and greater variation following the PRRS disease shock in 2006. The blue 
western cluster (e.g. Sichuan, Guizhou, Yunnan) showed noticeably different impacts from the 
three variables: a large increase in pork price given increases in logged urban income and corn 
price, and a smaller increase in pork price during the period of PRRS. 
To further illustrate characteristics of prices for the clusters established by the fuzzy clustering 
algorithm, Table 8 provides average pork price summary statistics of the five regions, at different 
points in the 1999 to 2009 analysis period. Table 22 in the Appendix provides the same statistics 
over the entire period of study. 
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Table 8. Pork Price Summary Statistics for Five Regional Clusters, 1999, 2004, 2009 
 
The GWR study confirms spatial heterogeneity in the data generating process for pork prices. 
The coefficient maps highlight that differences in income, feed production, and production scale 
do not impact provincial pork prices uniformly. Moreover, the maps may suggest evidence of 
infrastructure barriers to trade that correspond to the regional concentration of infrastructure 
reported by recent studies as well as to disparities in income. Pork prices in the west appear 
especially sensitive to increases in corn price. To observe such sensitivity in China’s largest pork 
producing province (Sichuan), may underline the distance from grains production. Pork prices 
that decrease in Beijing and its neighbors given increases in income may highlight China’s wide 
range of consumer preferences and income elasticities of demand for pork. Such differences in 
pork price behavior between regions with investment and developed transportation and those 
without, suggest a vast divergence of the functioning of markets from one region to the next. 
Cointegration Results 
To further analyze market efficiency, price relationships, and market integration, the study next 
tests cointegration of pork prices between three province pairs. I select the pairs and test whether 
a cointegration story changes when moving from known trade partners to province pairs that are 
increasingly spatially separated, and from different regional clusters (generated by the clustering 
algorithm). There is reason to believe that in China, heterogeneous supply and demand factors 
contributing to pork production include characteristics such as cold chain infrastructure, 
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investment in pork production, and proximity to grains production. The provinces more endowed 
with these certain characteristics are more likely to experience greater market efficiency. 
Therefore, the pairs to be tested for cointegration are representative of regions with statistically 
differing pork price processes, as testing for price relationships (cointegration) among provinces 
from different regions may provide insight into whether the regional characteristics contribute to 
market inefficiencies. As the preceding GWR analysis highlights clusters with alike data 
generating processes, I select province pairs according to the results of the clustering algorithm 
(Figure 13). 
First I chose the provinces of Jiangsu and Shanghai. The two are known trading partners, where 
Jiangsu supplies pork for the Shanghai market. This pair provides a baseline case where 
cointegration is expected. Demand fluctuation from Shanghai will impact marketing and 
production decisions from Jiangsu, and supply shocks in Jiangsu will impact the price of pork 
observed by consumers in Shanghai. Therefore, a long run linear relationship is expected to exist 
between the trading pair. However, if pork prices in Shanghai and Jiangsu are not cointegrated, it 
would seem improbable that prices in a more distant producing province would be cointegrated 
with prices in Shanghai.  
The second pair for cointegration testing is Anhui and Shanghai. While I have not found that 
there is a distinct trade relationship between Anhui and Shanghai, the two provinces are very 
close geographically (Anhui neighbors Jiangsu to the west), which makes trade plausible. The 
2001 transportation map (Figure 1) indicates that Anhui has less developed transportation and 
logistics infrastructure. Cointegration testing, therefore, may provide more insight into the 
relationship between prices in Anhui and Shanghai.  
To continue testing for cointegration in regions that are increasingly separated, the third pair for 
cointegration testing is that of Shanghai and Sichuan provinces. Sichuan province, while distant 
from Shanghai, is the country’s leading pork producer, supplying local markets, and sometimes 
neighboring markets (including Guangdong, China’s largest pork consuming province). 
Cointegration between Shanghai and Sichuan could offer more insight into whether prices in 
large but separated regional markets behave in similar ways, or if distance is enough to isolate 
price movements. 
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Prior to testing for cointegration, I test the price series for structural breaks and stationarity. 
Beginning with the most general specification of the Zivot-Andrews test (Equation 6), which 
allows a break in both intercept and trend, I find that each of the four series exhibit a structural 
break. The minimum t-statistic of each series lies outside of the 5 percent critical value, and the 
null hypothesis of nonstationarity is rejected (Table 9). Therefore, the four series are stationary 
but with a structural break. The break in the Shanghai, Jiangsu, and Sichuan price series occurs 
in June of 2007, and that of Anhui is one month later, in July of 2007. The break coincides with 
the peak of the PRRS outbreak, high feed costs, and significant increases in pork prices. 
Table 9. Zivot-Andrews Structural Break Tests of Pork Price Series 
 
Given the structural break in the four price series, I perform all subsequent tests for two periods: 
January 1999 to May 2007 and June 2007 to August 2009. The first test after considering the 
structural the break in the four series is the Augmented Dickey-Fuller (ADF) test. Table 10 and 
Table 11 present the results of the ADF test. Before the break, all four series are nonstationary 
using the three model specifications (random walk, random walk with drift, random walk with 
drift and trend). However, once first-differenced, all series become stationary. After the break, 
two price series (Shanghai and Sichuan) are stationary I(0) processes. However, the Jiangsu and 
Anhui series become stationary only after first differencing and are I(1) processes, similar to the 
four series before the break. 
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Table 10. Augmented Dickey-Fuller Test for Pork Price Series Stationarity, Jan 1999-May 2007 
 
Table 11. Augmented Dickey-Fuller Test for Pork Price Series Stationarity, Jun 2007-Aug 2009 
 
Due to the findings that the four pre-break series are all integrated of order 1, the three province 
pairs can be tested for cointegration. However, the post-break finding of Shanghai and Sichuan 
as I(0) and Jiangsu and Anhui as I(1) limits the possibility of cointegration testing following the 
break. The pair of Shanghai and Sichuan, which both follow an I(0) process, will not be tested 
for cointegration during the post-break period. However, the pairs of Shanghai and Jiangsu, and 
Shanghai and Anhui will be tested for cointegration after the break using the Autoregressive 
Distributed Lag (ARDL) model, which allows for testing of mixed-order series. 
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Engle-Granger results 
The recursive estimation of the Engle-Granger (E-G) cointegrating equation shows some 
evidence of cointegration prior to the break. Due to the extensive size of the ADF test results 
using recursive estimation for three province pairs, I summarize the cointegration findings and 
cointegrating vectors in Table 12, Table 13, and Table 14 (pre-break), and in Table 15 (post-
break). 
Table 12. E-G Cointegrating Vectors, Recursive Estimation, Shanghai-Jiangsu, Jan 1999-Apr 2007 
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Table 13. E-G Cointegrating Vectors, Recursive Estimation, Shanghai-Anhui, Jan 1999-Apr 2007 
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Table 14. E-G Cointegrating Vectors, Recursive Estimation, Shanghai-Sichuan, Jan 1999-Apr 2007 
 
According to the E-G tests, each of the three province pairs suggests a consistent period of 
cointegration. Due to the ascending order, recursive nature of the estimation, the results imply 
that any cointegration could have occurred earlier than the test indicates. Specifically, it is 
possible that a strong lack of cointegration in the beginning of the series would have to be 
“overcome” with enough cointegrated observations. However, despite the evidence of 
cointegration in the three series, it is important to consider that the E-G method only considers a 
long term relationship, and does not account for any short term, dynamic process. The next two 
cointegration tests (Johansen and ARDL) have more efficient coefficient estimates compared to 
the E-G test, and will check the robustness of the E-G findings. 
A second concern of the cointegration testing in general is that two markets may test as 
cointegrated, when cointegration is simply a result of cointegrated supply and demand factors, 
and do not speak to the functioning of markets. Nonetheless, the E-G, while simple, has been 
known to produce reasonable long term error coefficients. (It is important to note that the E-G 
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coefficients exclude any short term dynamic and therefore the significance of the coefficients can 
be unreliable.) Nonetheless, the magnitudes of the beta coefficients are worth noting. They 
represent the long term relationship of the two price series, and according to the Law of One 
Price (LOP), markets that trade and arbitrage should share a “common unique price” (Fackler & 
Goodwin, 2001). Therefore, a beta equal to one represents the strong form LOP among two price 
series. While the three pairs do not trade consistently (perhaps if ever), they are part of a trade 
network, and connected by common trade partners. The finding of the beta coefficients for the 
three trading pairs is interesting: all three cases have betas that rather consistently approach one 
after adding more observations, indicating an increasingly unit relationship between the two 
series. China’s pork industry has been transforming rapidly during the past ten years, and the 
coefficients appear consistent with market development. 
In the case of Jiangsu and Shanghai, provinces which have an established producer-consumer 
trade relationship (respectively), the alpha values represent transactions costs when cointegration 
is present. That is, in the presence of arbitrage, the price differential between the two provinces 
should be equivalent to transactions costs. Interestingly, the alpha values decrease with time, 
which could indicate a decrease in transactions costs of sending pork from Jiangsu to Shanghai. 
The alphas for other two province pairs, while not necessarily trade partners, demonstrate a 
similar pattern. 
For the entire period after the break, I estimate only one E-G equation for each of the two 
province pairs, Shanghai and Jiangsu, and Shanghai and Anhui. Although the E-G test does not 
allow for two series of mixed order to be tested for cointegration, as is the case with the two 
pairs, I still estimate their cointegrating vectors to evaluate in the case that the ARDL test 
demonstrates cointegration among the series. Table 15 shows that the two province pairs 
demonstrate a high beta coefficient that is similar to the estimates observed in the pre-break 
period. 
Table 15. E-G Cointegrating Vectors for Two Province Pairs, Jun 2007-Aug 2009 
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Johansen results 
After testing for cointegration using the Johansen test (Table 16), I find zero cointegrating 
vectors for all three of the province pairs during the pre-break period, which contrasts with the 
findings from the E-G test. However, the Johansen test performs more poorly in the case of small 
samples, which questions the reliability of the no cointegration finding. As the Johansen test also 
does not allow for cointegration testing of series of mixed order, the test is not applied to the 
post-break series. 
Table 16. Johansen Test for Cointegration for Three Province Pairs, Pre-Break 
 
Autoregressive Distributed Lag results 
The ARDL model provides a useful cointegration test, considering the relatively small sample 
size of the data, the structural break in the four price series, and the feature that the model can 
still be applied to test series of mixed order. Therefore, I test for cointegration among the three 
province pairs before the break and two province pairs following the break. Table 17 presents the 
findings of the ARDL test: 
Table 17. ARDL Cointegration Test Results for Three Province Pairs, Pre and Post-Break 
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After finding the appropriate lag length for the lagged differenced terms for the three series using 
the Bayesian Information Criterion (BIC), the test suggests no cointegration for any of the 
province pairs in the pre-break period. Specifically, in each of the three cases, the Wald statistic 
was below the lower bound generated by Narayan (2005). However, in the post-break period, the 
Wald statistics exceeded the 5 percent critical value of the upper bound, showing evidence of 
cointegration. 
The hypothesis testing of the ARDL for such a small sample is more reliable than both the E-G 
and the Johansen models and suggest that the two pairs become cointegrated following the 
structural break. The cointegration results follow the large PRRS disease shock and price spike 
in 2007 and therefore must be treated with care. Studies have highlighted that arbitrage is not the 
only error correction mechanism or factor that can cause two series to co-move (Fackler & 
Goodwin, 2001). Large shocks to supply and demand can demonstrate a “cointegrated” effect on 
prices and be sufficient to incur price co-movement. The sample size is small following the 
structural break, and national policy, disease, and investment, instead of the development in hog 
production practices may have caused cointegration. However, following the shock, China’s 
pork industry also experienced large foreign and domestic investment in hog industry 
development. Numerous policies in favor of industry development and price stabilization also 
ensued; the event drove major actions resulting in pork industry development and in favor of 
increased market integration. 
The interpretation of the no-cointegration finding before the break must also be approached 
carefully. Multiple studies (Fackler & Goodwin, 2001; McNew & Fackler, 1997) discuss that 
two integrated series may not exhibit a long term (cointegrating) relationship if transaction costs 
are high and volatile. In China, transport costs are high, and their stationarity is uncertain. 
Nonetheless, historically fragmented transportation infrastructure, cold chain, and price signal 
transmission, coupled with animal disease and policy intervention schemes suggest possible 
impediments of a long term linear relationship among price series. In addition, the E-G 
coefficient estimates suggest evolution in the strength of the LOP that corresponds to 
development of China’s pork industry over the last decade. Therefore, a lack of cointegration and 
market efficiency prior to the break is probable. 
63 
 
CHAPTER 5. CONCLUSIONS AND IMPLICATIONS  
This study presents a market integration analysis from 1999 to 2009 of one of China’s most 
important agricultural commodities in terms of the country’s agricultural revenue, producer 
livelihoods, and household diets. The pace of development in China’s hog and pork industries 
has been rapid, and the government is perhaps more than ever investing in its development. 
Policy of the central government intends to standardize meat production and processing, through 
investment in commercial operations, infrastructure development, and price and quantity 
measures to ensure producer incentives exist for production. Meanwhile, feeding the nation’s 
population, controlling the pace of rural-urban migration, and securing sufficient natural 
resources against increasing environmental limitations remain significant government 
challenges. Therefore, the timing of this study is apt and it sheds light on one of China’s 
understudied agricultural commodities. 
Unlike previous work, the study uses methods from both spatial and time series econometrics 
(Geographically Weighted Regression and cointegration models) to evaluate the extent of 
integration in China’s provincial pork markets. Within a Geographically Weighted Regression 
(GWR) spatial analysis, the study takes into account how heterogeneous supply and demand 
characteristics determine provincial pork prices. It identifies heterogeneity in pork prices across 
provinces, confirming that provinces are endowed with varying supply and demand factors, and 
demonstrates that provinces are affected differently by national agricultural policy and animal 
disease. Using provinces chosen from distinct clusters of similar prices, the cointegration 
analysis finds that province prices are not cointegrated prior to June of 2007, but become 
cointegrated following June of 2007 through August of 2009. The lack of cointegration for the 
majority of the time period under study is consistent with the heterogeneity in supply and 
demand characteristics identified in the GWR results. It is also a reasonable finding given 
China’s fragmented cold chain infrastructure and spatially uneven development of large-scale 
hog operations. While the finding of cointegration after 2007 could be attributed to the shock of 
Porcine Reproductive and Respiratory Syndrome (PRRS) and the economy-wide price spikes 
(including pork), it may instead reflect development in China’s hog industry. The cointegration 
findings support the notion of higher market integration as China’s hog industry develops.  
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An important finding of the study is that the integration of China’s pork market is occurring 
much later than in grains markets. Using cointegration testing, most market integration studies in 
China have focused on grains and soybeans, and found that markets were beginning to uphold 
the Law of One Price (LOP) and demonstrate market efficiency long before the price series in 
this study. For instance, Park et al. (2002) studied rice and maize markets during the period of 
1988 to 1995. This time frame includes periods of market liberalization and “retrenchment”, 
when the government reintroduced price and quantity controls. Their analysis finds that over the 
period of study, government policy controls become less effective in altering market outcomes, 
implying the persistence of market emergence due to growth in grain markets, volume of trade, 
and market participants. A second market emergence study by Huang & Rozelle (2006) finds a 
high degree of integration in rice, maize, and soybean markets from 1996 to 2000. The results of 
this study suggest that recent development of China’s pork markets (for the province pairs 
selected) may be similar to the state of grains markets during the 1990s, where pork markets are 
liberalized yet growth is periodically interrupted. As was the case from 1988 to 1995 for grains 
(Park et al., 2002), the pork industry has made significant advances in its development; yet, 
development across space and over time has been uneven. The GWR confirms that heterogeneity 
exists in pork prices. In China’s markets, pork prices depend on regional supply and demand 
characteristics, infrastructure endowments, and the extent of investment in commercial hog 
operations. 
An important implication of the study that should be highlighted is that China’s pork markets can 
be improved so that they more accurately reflect prices. Currently, it appears that many farmers, 
particularly smaller operations, do not receive full market information when making marketing 
and production decisions. These results are consistent with the presence of barriers to market 
information and arbitrage. For example, regional variation in China’s pork prices is directly 
linked to the feasibility of arbitrage and price signal transmission. Characteristics of regional 
production can play a significant role in the accuracy of price signals. Concentrations of 
backyard production in a province can interrupt the relationship between price signals and 
production decisions, as producers may have only limited sources of accurate market 
information. Producers in provinces with generally larger-scale production may benefit from 
better market information. In more recent times, it is important to note that higher levels of 
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integration suggest that changes in the pork industry have provided an initial movement to the 
accurate transmission of information. 
The fragmented nature of the industry growth also has implications for China’s government 
initiatives and producers. The central government currently encourages industrial concentration 
and has outlined a specific plan for the standardization of pork processing across 19 provinces. 
As many backyard and professional household hog operations leave production, joint ventures, 
and domestic and international investment facilitate growth of large-scale commercial breeding 
and finisher farms. The outcome could result in an industry structure where production units are 
large in scale, strongly vertically integrated, and geographically concentrated. In light of a 
processing sector plan that requires standardized production across 19 provinces, China may 
want to encourage small hog producers to develop cooperatives that both stimulate more 
standardized production and increase the likelihood these producers will receive more accurate 
market signals. Other agricultural sectors in China already incorporate farmer economic 
cooperation, where products are sold for both domestic consumption and export. Such a program 
for the smaller producers may further assist smaller farms to integrate into the market. 
This study presents an analysis of prices in China’s provincial pork markets. It uniquely applies 
spatial econometric analysis to a research question traditionally examined using time series 
methods. The study provides an indication of the state of market integration for selected province 
pairs, but is limited by a lack of transaction cost data and the monthly nature of the price series. 
Future research incorporating transaction costs and more frequent price data would allow for a 
more thorough evaluation of market integration in China’s developing pork market. Further 
research on pork quality differences and differential production and marketing costs by province 
and scale of operation may also add insights into the likely advantages of alternative industry 
structures. 
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